Intracranial pial arteriovenous fistulas (AVFs) are rare cerebrovascular lesions. The authors report a rare case of pediatric pial AVF treated by direct disconnection with the aid of indocyanine green (ICG) videoangiography. A 3-year-old girl presented with developmental problems. Magnetic resonance imaging revealed brain atrophy and an anomalous left temporal vascular mass. Angiography showed a high-flow pial AVF in the early arterial phase fed by the M 1 portion of the left middle cerebral artery and draining into the superficial sylvian vein and the vein of Trolard with a large varix. Given that her fistula was located in a superficial region that was easily accessible by craniotomy, the authors successfully disconnected her pial AVF by direct surgery aided by ICG videoangiography, which clearly confirmed the shunting point. In this report, the authors discuss the existing literature and compare the relative merits of endovascular versus surgical options for the treatment of pial AVF.
I
ntracranIal pial arteriovenous fistulas (AVFs) are rare vascular lesions of the brain and account for 1.6%-4.7% of all intracranial arteriovenous malformations (AVMs). 3, 17, 19 These lesions differ from AVMs in that they involve direct connections between an artery and vein, have no nidus, and are composed of one or more direct arterial feeding vessels with a single draining vein. They also differ from dural AVFs in that they derive their arterial supply from pial or cortical arterial vessels and because the lesions do not lie within the intradural region.
Because of their high-flow nature, they are often associated with a venous varix. 4 Because pial AVFs carry a high risk of intracranial hemorrhage, the clinical diagnosis of pial AVF, followed by prompt and appropriate treatment, is important. 10 To date, fewer than 150 cases of pial AVFs have been reported, and the natural history and developmental mechanisms of these lesions remain unclear. 3, 8, 18 The goal of treatment is to obliterate the arteriovenous shunt, with preservation of the normal arterial supply and venous drainage of the normal brain tissue. However, the identification of the fistula point is occasionally obscured on digital subtraction angiography. Microscopy-integrated indocyanine green (ICG) videoangiography has recently become widespread as an effective method for the surgical treatment of conditions such as AVMs and aneurysms. Many reports in which ICG was used for treatment of an AVM or aneurysm have been published. 15 To date, however, there have been no reports of ICG used for the treatment of a pial AVF with direct surgical intervention.
We report the efficacy of ICG videoangiography in the case of a pediatric patient with pial AVF who had a giant venous varix on the left temporal lobe. This technique allowed us to successfully treat this patient by surgically disconnecting the fistulas.
case report

History and Examination
A 6-month-old infant girl with a slight head injury was admitted to our hospital. Results of her general and neurological examinations were normal, but she had macrocephaly with a head circumference of 48 cm. Computed tomography showed brain atrophy and a left temporal vascular anomalous mass that was unrelated to her head injury. We recommended a detailed examination of the macrocephaly and vascular anomaly, but her parents rejected our suggestion because she showed no focal signs or other complications such as heart failure, and her family had other financial constraints because of her brother's illness and mother's pregnancy. From these results, we initially decided to follow up on the girl as an outpatient. We expected that the vascular malformation would gradually cause her to exhibit developmental problems. At 3 years of age, her overall developmental quotient (DQ) as assessed by the Kyoto Scale of Psychological Development 2001 was 75 (Postural-Motor DQ 85, Cognitive-Adaptive DQ 76, and Language-Social DQ 73); therefore, we decided to conduct a detailed examination of the vascular anomaly and treat it at that time.
Operation
Treatment was initiated when the patient was 3 years old. Magnetic resonance imaging revealed a flow void of vascular mass in the left temporal subdural region and a high degree of brain atrophy for her age (Fig. 1) . Angiography showed a high-flow pial AVF in the early arterial phase fed by the M 1 portion of the left middle cerebral artery (MCA) and draining into the superficial sylvian vein and the vein of Trolard (Fig. 2 ). We were able to identify dilation of the left superior orbital vein and subcutaneous vein in the forehead because of venous hypertension. We could not detect the nidus but could confirm a large varix. The 3D CT scan showed 2 fistulous points and the large varix just behind them (Fig. 3) . Surgical disconnection of the fistula was chosen as the preferred method of treatment, rather than an endovascular coil embolization, because the superior temporal artery had increased tortuosity and the location of the lesion was easily accessible.
Direct surgical treatment via left frontotemporal craniotomy was performed under general anesthesia. After we opened the dura mater, a thickened white arachnoid was visible and we were able to identify the red sylvian vein. We dissected this arachnoid membrane and exposed the left MCA from the M 1 distal portion to the M 3 portions. As seen on 3D CT scans before surgery, we recognized 2 fistulous points between the M 2 portion of the MCA and a large varix. At this point 1.5 mg of ICG was intravenously injected, and approximately 15 seconds after ICG injection we could clearly identify that the injected dye ran up to the venous varix through the 2 fistulous shunting points. Consequently, we directly clipped the 2 fistulous points. After obliteration of the fistulas, ICG was reinjected with subsequent demonstration of normal flow (Fig. 4) . Last, we ligated the large varix to completely disconnect the arterial-venous shunt. Soon after clipping, the superficial sylvian veins returned to their normal venous color.
Postoperative Course
After the operation, the patient was kept under sedation with barbiturate therapy for 3 days to prevent postoperative hyperperfusion syndrome. She experienced no postoperative neurological deterioration or hyperperfusion syndrome and was discharged from our hospital with ambulatory status 2 weeks after the operation. Obliteration of the pial AVF was reconfirmed by postoperative 3D CT angiography 6 months after the surgery ( 
Discussion
Intracranial pial AVFs have only recently been considered as distinct from AVMs. 7 The prevalence of intracranial pial AVF is unknown. In a series of 320 AVMs reported by Halbach et al., pial single-channel AVFs accounted for only 1.6% of all lesions. 3 Weon et al. reported a 4.2% prevalence of pial AVFs in their patient series (52 of 1248), 19 whereas Tomlison et al. reported a prevalence of 4.7%. 17 Intracranial pial AVFs are often associated with cerebral AVMs or are sometimes observed as multiple AVFs.
7 They are usually diagnosed during infancy or early childhood and are considered congenital in the vast majority of cases. They form a part of syndromes such as Rendu-Osler-Weber or Klippel-Trenaunay-Weber syndrome, consistent with the fact that a genetic abnormality contributes to their etiology. 5, 13, 18 Acquired pial AVFs are very rare and are the result of traumatic injury or iatrogenic causes. Our patient had a minor head injury, but it was difficult to identify whether this head injury was the cause of the pial AVF from her initial CT scan. From the initial CT, we assumed that her pial AVF was not a secondary lesion, but was congenital in nature.
The pathophysiological mechanisms of pial AVFs remain unclear. Lasjaunias proposed that structural congenital alterations are primarily responsible for vascular remodeling processes, affecting the endothelial cells at the venous side of the capillaries. Furthermore, these al- terations would remain in a quiescent dysfunctional state, such that their structural manifestation would only occur in response to triggers that might include mechanical, hormonal, hemodynamic, pharmacological, thermal, radiological, infective, or metabolic factors. 6 The natural history of pial AVFs is unknown. They can cause seizures, hemorrhage, headache, neurological deficits, and symptoms of increased intracranial pressure (ICP). 1, 2, 6 In infants, pial AVFs may cause heart failure and macrocephaly because of their high-flow nature and increased ICP. At 6 months of age, our patient did not experience heart failure, but she had a giant varix and was macrocephalic. Nelson et al. previously reported that 5 of 8 patients with conservatively treated pial AVFs died. 12 Spontaneous closure of pial AVFs has been reported only in 1 case. 16 The high-flow shunt in pial AVFs causes high ICP because of venous congestion; as a result, patients with these lesions often have huge venous varices that can lead to intracranial hemorrhage. Because of low perfusion in the normal brain tissue and intracranial venous congestion, these lesions may also affect normal brain development and cause cognitive impairment, especially in infants. Our patient had multihole arteriovenous shunts, a huge varix, and brain atrophy in the ipsilateral hemisphere on CT and MRI studies. Given these symptoms, we planned to treat the pial AVF as soon as it was reasonable to prevent future intracranial hemorrhage and developmental delay.
The predominant treatment options for these lesions are either direct surgical disconnection, endovascular embolization, or a combination of surgical and endovascular procedures. Over the past 2 decades, improvements in microcatheters and guidewires, and increased experience on the part of practitioners, have led to the evolution of endovascular techniques. 8, 11 The less invasive nature of these procedures has made endovascular treatment the preferred modality for patients with pial AVF, with surgical treatment reserved for a few selected cases in which it was deemed necessary.
14 However, a review by Yang et al. of the literature from 1977 to 2009 revealed an obliteration rate of 86.5% (32 patients) for endovascular treatment, but a comparatively higher obliteration rate (96.8% in 30 patients) for surgical treatment. 20 Weon et al. reported that in 34 of 35 pial AVFs treated by endovascular methods, 2 to 3 sessions were required in nearly half of the cases, and in 17% of the cases, 4 to 5 sessions were necessary. They pointed out that the arterial feeding vessels are often tiny and difficult to access, and the cumulative risk of multiple, staged embolization procedures may exceed the risk of craniotomy for superficial lesions. They also argued that, especially in young patients, repeated exposure to radiation should be avoided. 19 In our patient, we performed direct surgical disconnection with the aid of intraoperative ICG videoangiography via frontotemporal craniotomy because the lesion was easily accessible and because we aimed for complete disconnection of the fistulas in a single procedure. Fluorescence angiography has recently become popular as a viable option because it allows direct visualization of the lesion. 9 The efficacy of ICG videoangiography during aneurysmal surgeries, extracranial-intracranial bypass, and AVM surgeries has been reported. 15 This technique offers real-time information on vessel flow, even in tiny perforators, which are difficult to identify with digital subtraction angiography.
In our case, intraoperative ICG videoangiography clearly demonstrated the precise location of the 2 fistula points, and enabled us to totally disconnect the fistulas; moreover, repeated postoperative ICG videoangiography confirmed complete disconnection of the fistulas. This is the first report showing intraoperative ICG videoangiography to be a very effective option for the direct surgical treatment of pial AVFs.
Although endovascular treatments are increasingly being adopted as very effective methods of treating pial 
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